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A comparison of the six most comonly used etchants for NaCl has been 

made together with an evaluation of various etching and observation tech- 

niques. 

when special techniques were employed. 

number and location has been established for the etch pits produced by all 

six etchants. 

using one etchant in preference to another to study dislocations in NaCl 

appears to be ease of observation. 

A l l  six etchants were found to produce usable pyramidal etch pits 

A one-to-one correspondence in 

On the basis of this correspondence, the only advantage in 

ImTRODUCTION 

Tne successful use of etch pits to study dislocations in NaCl single 

crystals depends appreciably on the etchant and experimental techniques 

employed. In view of the many recently developed etchants for NaCl and 

the number of reported comments concerning the etching of this 

a comprehensive evaluation was undertaken. 

ported here was to make a comparison of six of the most commonly used 

NaCl etchants and an evaluation of various techniques employed. 

The purpose of the work re- 

'I33 ETCHING TECHNIQUE 

To properly make a study of etchants, all variables except the action 

of the etchant should be held constant. Such variables as dislocation 
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density,  cleavage damage, and pu r i ty  a re  d i f f i c u l t  t o  hold constant, but 

o the r  f a c t o r s  can be cont ro l led  by adopting good techniques. 

i zed  technique w a s  a r r ived  a t  a f t e r  inves t iga t ing  t h e  phases of t h e  etching 

and observation process. The results of t h i s  i nves t iga t ion  are given f i r s t  

s ince  t h i s  was p r e r e q u i s i t e  t o  studying t h e  etchants. 

A standard- 

Handling. - During t h e  etching and observation process manipulation 

of t h e  specimen i s  obviously essent ia l .  This manipulation must be accom- 

p l i shed  i n  a manner such t h a t  d i s loca t ions  are not generated or caused t o  

move. This i s  an e spec ia l ly  d i f f i c u l t  t a s k  i n  t h e  case of N a C l  because 

d i s loca t ions  i n  t h i s  mater ia l  can move a t  stresses below 25 g/sq m5 and 

such stresses can be generated by forceps, f i n g e r s ,  o r  o the r  conventional 

holding devices. Successive etching of a s i n g l e  specimen or t h e  matching 

of etched cleavage halves shows t h a t  even t h e  most ca re fu l  handling of t h e  

specimen produces unwanted e f f ec t s .  For example, f i g .  1 shows t h e  movement 

of d i s loca t ions  produced by holding the specimen with Teflon-coated forceps 

during etching. Also, from f i g .  2 it can be seen t h a t  t he re  i s  not an 

exac t  correspondence between e t ch  p i t s  on t h e  cleavage halves and t h e  

d i f fe rences  might poss ib ly  be due t o  the  way each h a l f  w a s  handled, even 

though extreme ca re  was  exercised. 

A technique for manipulating specimens, found t o  be superior,  cons i s t s  

of cementing t h e  specimen t o  a g l a s s  sl ide.  Once t h e  specimen i s  a f f ixed  

t o  a s l i d e  it can be manipulated without d i r e c t  contact,  and any a rea  can 

quickly be re loca ted  by noting the  coordinates from a mechanical stage. 

For cementing t h e  specimen t o  i t s  "handle", Eastman 910 Adhesive6 has proved 

most su i t ab le  because (1) no hea t  or pressure are required t o  f a c i l i t a t e  
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tine cure, (2 )  no shrinkage occurs upon curing, (Jj the cement is  inso luble  

i n  a l l  e tchants  and r i n s e s  employed, and ( 4 )  an exce l l en t  bond i s  a t t a i n e d  

i n  seconds. 

Polishing. - The polishing of NaCl  sur faces  t o  be used i n  d i s loca t ion  

e t ch  p i t  s tud ie s  requi res  a solvent whose sur face  d i s so lu t ion  rate i s  low 

enough t o  allow cont ro l led  removal of sur face  material. Water i s  unsa t i s -  

f ac to ry  because i t s  d i s so lu t ion  rate is  much t o o  high, and o the r  so lvents  

i n  which NaCl i s  less so luble  (e.g., alcohols) produce s l i g h t  etching 

action. Hydrochloric ac id  when d i lu t ed  with water produces s u i t a b l e  d i s -  

so lu t ion  r a t e s  without causing etching. When used wi th  slow, rocking 

ag t t a t ion ,  a so lu t ion  of  one p a r t  water and f o u r  p a r t s  concentrated hydro- 

ch lo r i c  a c i d  has a sur face  d isso lu t ion  rate of 1p/min. 

be a t t a i n e d  by changing t h e  concentration. 

Other rates can 

Post-etch r ins ing ,  drying, and storing. - A s  expected, t h e  etched 

surface of a highly water-soluble materia1,such as N a C l ,  becomes marred 

by exposure t o  excessive moisture and as Mendelson has shown,2 t h e  e t ch  

p i t s  on NaCl are a l l  but o b l i t e r a t e d  by high humidity. Consequently, 

ca re  must be taken t o  p ro tec t  t h e  etched surface,  and this care  necessar i ly  

begins with t h e  post-etch r ins ing .  The r i n s e  must remove t h e  etchant with- 

out adding water t o  t h e  surface. Water can be added t o  t h e  surface i f  

t h e  r i n s e  has a s t rong  tendency t o  absorb water o r  i f  it evaporates so 

r ap id ly  t h a t  i t  cools t h e  surface s u f f i c i e n t l y  t o  cause condensation. 

Many r inses  have been suggested, namely, pyridine,  petroleum e ther ,3  

carbon t i t r ach lo r ide , '  and acetone, 

of mild odor and low tox ic i ty .  Acetone does not absorb s u f f i c i e n t  water 

but acetone possesses t h e  advantages 
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t o  cause m r r b g  of t h e  etched surface and i t a  rate of evaporation i s  iow 

enough not t o  cause condensation, 

Drying with forced or hot air requires extreme caution because of t he  

p o s s i b i l i t y  of causing thermal shock. When acetone i s  used as a post-etch 

r inse ,  forced drying i s  not required. Successive etching experiments have 

not  revealed e tch  p i t s  t h a t  could be a t t r i b u t e d  t o  thermal shock caused by 

rapid evaporation of t h e  acetone. 

Etched N a C l  specimens, r insed with acetone, have been s tored  f o r  up 

t o  one month under a watch g l a s s  i n  a dess ica tor  or f o r  up t o  one year  i n  

stoppered vials. 

qua l i ty ,  and these  specimens photomicrographed as w e l l  as those done imme- 

d i a t e l y  a f t e r  etching. 

Observation. - The p a r t i c u l a r  observation mode used t o  v i e w  e tch  p i t s  

The e tch  p i t s  on these specimens were s t i l l  of good 

depends on (1) t h e  type and qua l i ty  of e tch  p i t s  and ( 2 )  t h e  micrographic 

equipment avai lable .  For almost all etch p i t s  ordinary b r igh t - f i e ld  

i l luminat ion i s  unsa t i s fac tory  because it does not y i e l d  s u f f i c i e n t  con- 

trast t o  c l ea r ly  revea l  a l l  e tch  p i t s .  Generally, oblique inc ident  

i l l u p i n a t i o n  is  most s u i t a b l e  and t h e  shallower t h e  e tch  p i t s  t h e  more 

oblique the  i l luminat ion required. 

high magnifications, s u f f i c i e n t l y  oblique i l luminat ion i s  d i f f i c u l t  t o  

obtain without spec ia l  equipment, such as the  Le i t z  Ultropak.7 

such equipment is  not avai lable ,  incident  l i g h t  phase cont ras t  o r  other  

i n t e r f e rence  techniques can be used with various degrees of success as 

shown i n  f ig s .  3 and 4, respectively.  

For very shallow e tch  p i t s  or f o r  

When 
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With a llttle adjustmeat, the conventional metallurgical microscope 

can be used to observe several types of etch pits produced on NaCL By 

closing down the aperature diaphragm and moving it off center slightly, 

a degree of oblique illumination can be obtained that produces adequate 

contrast up to magnifications of approximately X450. 

procedure results in some loss of uniformity of illumination over the entire 

field of view, and hence nonuniform negatives result when photographs are 

being taken. 

Of course this 

As far as observation of etch pits is concerned, there is no substitute 

for sharpness and a suitable depth to width ratio. A depth to width ratio 

of 0.15 is optimum. 

COMPAFUSON OF EEHANTS 

Table I lists the six etchants investigated together with a comparison 

of the etch pit properties associated with the respective etchants. De- 

tailed results of this phase of the investigation are presented below. 

Anhydrous methyl alcohol produces by far the shallowest etch pits 

and etching times as short as one second still result in etch pits that 

are very difficult to observe. 

methyl alcohol produced etch pits on NaC1; with bright field illumination 

these pits are not recognizable. 

an etchant, so much dissolution takes place that many shallow dislocation 

half loops are etched completely out of the specimen and all etch pits 

overlap to such an extent that a confusing scene results. 

Figure 3 is a phase contrast view of 

Also ,  when methyl alcohol is used as 

Moran' s NaCl  etchant' produces greater dissolution and shallower etch 

pits than the etchants based on acetic or propionic acid, but good quality 
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F i t s  can be obtained ~.rith etching tims of from 10 t o  40 seconds as shown 

by f i g .  5. While addi t ions  of 1 t o  2 percent water t o  t h e  etchant results 

i n  s h o r t e r  etching times and shallower e t c h  p i t s ,  t h e  excessive s e n s i t i v i t y  

a t  atmospheric va r i ab le s  (viz., r e l a t i v e  humidity) reported i n  t h e  l i t e r a -  

has not been noted. Le t t i ng  the  etchant s tand  f o r  several hours 

i n  an open vessel on a day when t h e  r e l a t i v e  humidity was 90 percent d i d  

not a l te r  t h e  etching t i m e  o r  qua l i t y  of t h e  e t c h  p i t s  produced. 

The etchants of Mendelson' and Barber,' based on a c e t i c  acid,  produce , 

t h e  best qua l i t y  e t c h  p i t s  f o r  ease of observation and etching t i m e s  of 

about 30 sec  sum t o  be optimum. 

q u a n t i t i e s  of water i n  t h e  etchant have been found t o  apply equally t o  

Barber's etchant; water reduces t h e  etching t i m e  and produces a shallower 

p i t  with some rounding of t h e  p i t ' s  edges. 

Mendelson's observations regarding s m a l l  

Moran's KC1-KBr etchant,' when used on N a C l  with etching times of 

from is t o  25 sec, produces a shallow e tch  p i t  t h a t  requi res  very oblique 

i l lumina t ion  f o r  viewing. This etchant possesses a se r ious  disadvantage 

i n  t h a t  during t h e  etching process c r y s t a l l i z a t i o n  takes  place on t h e  sur -  

face, and t h i s  g r e a t l y  hinders observation of t h e  e t ch  p i t s .  

t h i s  etchant with an equal volume of 95-percent ethyl alcohol, c r y s t a l l i z a -  

t i o n  on t h e  surface is minimized without a f f e c t i n g  t h e  e t ch  p i t s .  A t  b e s t ,  

however, only s m a l l  areas are f r e e  f r o m  c r y s t a l l i t e s  and t h i s  limits t h e  

usefu lness  of t h i s  etchant. 

By d i l u t i n g  

Cook' s &chant3 based on propionic ac id  produces well-defined e t ch  

p i t s  on NaC1. B e s t  results were obtained with t h i s  e tchant  when etching 

t i m e s  of 40 seconds were employed. Like t h e  o the r  e tchants  investigated,  
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t .his etchant. was f o m d  t o  y r o d x e  s h d h w e r  e tch  p i t s  vhen mte r  W E S  dded.  

All s ix  etchants invest igated were found t o  e tch  f r e s h  and aged d i s -  

loca t ions  equally well. 

a t t acks  the  "grown in" d is loca t ions  somewhat b e t t e r ,  bu t  i n  t h i s  study 

no such p re fe ren t i a l  ac t ion  w a s  detected. 

Amelinckx has reported8 t h a t  m e t h y l  alcohol 

Barber i n  h i s  f igs .  2 ( a )  and (b)4  shows matching cleavage faces  (of a 

material not spec i f ied)  etched w i t h  h i s  etchant and a Moran etchant,  

respectively.  From Barber 's  f i gu re  it i s  r ead i ly  seen t h a t  t h e  e tch  p i t s  

praduced by the Moran etchant  have the edge of t h e i r  base inc l ined  45 deg 

t o  t h e  edge of t h e  base of t h e  e tch  p i t s  produced by Barber's etchant. 

(Hereaf ter  t h e  edge of t he  base of the e tch  p i t s  will be used t o  def ine 

the  or ien ta t ion  of t h e  e tch  p i t s . )  Barber gives the  or ien ta t ion  f o r  t h e  

e t ch  p i t s  produced by h i s  etchant as [lo01 ( L e . ,  t he  edge o f  t he  base i s  

p a r a l l e l  t o  [loo] di rec t ions)  and the  or ien ta t ion  of t h e  e tch  p i t s  produced 

by Moran's etchant as [llO]. 

descr ibes  etchants f o r  NaCl, Kl-KBr, and K I ,  respect ively,  and Barber 

does not state spec i f i ca l ly  which of these etchants  he employed. 

N a C l  e tchant  produces e tch  p i t s  with a [lo01 orientat ion.  

a NaCl cleavage face  etched with Moran's N a C l  etchant together  with a 

[loo] edge of t he  specimen; it can be seen from f ig .  5 t h a t  t h e  e tch  p i t s  

have a [loo] or ientat ion.  Furthermore, f i g .  2 shows matching cleavage 

faces  of NaCl etched i n  Barber 's  'and Moran's NaCl  etchant,  respect ively,  

and it w i l l  be noted t h a t  each set of e tch  p i t s  i s  iden t i ca l ly  oriented. 

The e t ch  p i t s  produced by Moran's KC1-KBr etchant were found t o  have a 

[110] or ien ta t ion ,  and presumably t h i s  i s  t h e  etchant Barber used t o  

obtain h i s  f i g .  2 (b) .  

I n  the  reference c i t e d  by Barber, Moran 

Moran's 

Figure S shows 
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I n  t h e  course of t h i s  inves t iga t ion ,  it was discovered tha t  i f  absolu te  

ethyl alcohol ( in s t ead  of 95 percent) and anhydrous BaBr2 were used t o  

compound Moran's K C l - D r  etchant,  t h e  e tch  p i t s  produced by t h i s  "dry" 

etchant had a [loo] or ien ta t ion .  Since B a r 2  is  q u i t e  i n so lub le  i n  

absolu te  e t h y l  alcohol, it might be concluded t h a t  i n s u f f i c i e n t  B a r 2  went 

i n t o  so lu t ion  t o  produce t h e  [110] etching action; however, addi t ions  of 

about 2-percent water t o  t h e  "dry" compounded e tchant  caused t h e  des i red  

[llO] etching ac t ion ,  while higher s a tu ra t ion  values of B a r 2  had no 

e f f ec t .  

producing an e t ch -p i t  o r i en ta t ion  as t h e  presence of some water. 

Apparently then t h e  BaBr2 concentration i s  not as c r i t i c a l  i n  

Figure 4 shows t h e  cleavage f ace  of a NaC1 c r y s t a l  first etched i n  

Moran's KC1-KBr e tchant  for 30 sec, r insed i n  acetone, and then immediately 

etched i n  Barber's etchant f o r  20 sec. 

microscope was used i n  making t h i s  photograph.) 

of t he  o r i g i n a l  [I101 e tch  p i t  can be seen, and i n s i d e  t h i s  can be seen 

t h e  newly crea ted  [lo01 e t ch  p i t .  

While t h e  photograph of f i g .  4 does show a few of w h a t  appear t o  be 

( A  Zeiss two-beam in t e r f e rence  

From t h i s  f i g u r e  remnants 

s ing le- type  e t ch  p i t s ,  a c t u a l  microscopic examination at a d i f f e r e n t  focus 

and/or i n t e r f e rence  band i n t e r v a l ,  reveals t h a t  a [lo01 p i t  is  always 

assoc ia ted  with each [110 3 remnant. Similar successive etching experiments 

have revealed t h a t  t h e r e  i s  a one-to-one correspondence between t h e  e t ch  

p i t s  produced on X a C 1  by all six etchants studied. 

Barber has pointed out4 t h a t  Moran' s etchant (presumably t h e  KC1-KBr 

e t chan t )  a l s o  produces some rounded etch p i t s  not revealed by o ther  

etchants.  S imi la r  rounded e t ch  p i t s  have been observed on occasion when 
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other  etchants were ?xed, but  attem3ts t c  e s t a b l i s h  t h e i r  correspondence 

t o  c r y s t a l  imperfections have not been successful.  A t  present it i s  f e l t  

t h a t  t hese  rounded p i t s  are an a r t i f a c t  of t he  etching process. 

CONCLUSIONS 

1. By employing s u i t a b l e  etching and observation techniques a l l  s ix  

e tchants  inves t iga ted  can be  used t o  produce e t ch  p i t s  on NaC1. 

2. The e tchants  based on a c e t i c  ac id  produce t h e  most e a s i l y  observed 

e t ch  p i t s  on NaC1. 

3. A one-to-one correspondence between t h e  e t ch  p i t s  produced by 

all s i x  e tchants  has been es tab l i shed  by t h e  successive etching technique. 

4. All s ix  e tchants  produce e tch  p i t s  a t  both f r e s h  and aged disloca- 

t ions .  

5. On t h e  basis of t he  one-to-one correspondence between e tch  p i t s  

produced by t h e  various e tchants  and the  f a c t  t h a t  a l l  e tchants  etch both 

f r e s h  and aged d i s loca t ions  equally well, t he re  does not appear t o  be any 

advantage, besides ease of observation, i n  using one etchant i n  preference 

t o  another. 

6. The f a c t  t h a t  d i f f e r e n t  etchants produce d i f f e r e n t l y  or ien ted  e t ch  

p i t s  implies t h a t  a d i f fe rence  i n  etching mechanism exists.  Considering 

t h e  etching mechanism proposed by Gilman, e t  al. ,' based on t h e  adsorption 

of ca t ions  a t  kinks, and simple geometric aspec ts  of s i z e ,  there appears 

t o  be no reason why d i f f e ren t  ca t ions  (e.@;. , Ba and Hg) of about t h e  same 

s i z e  should produce d i f f e r e n t l y  oriented e t ch  p i t s .  Furthermore, t h e  f a c t  

t h a t  t h e  addi t ion  of water t o  Moran's "dry" compounded KC1-KBr etchant 

changes t h e  o r i en ta t ion  of t h e  e tch  p i t s  implies a more complex etching 

mechanism. Cer ta in ly  f u r t h e r  study along these  l i n e s  i s  warranted. 
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Etchant 

Amelinckx 

Moran’s N a C l  

Moran’s KC1-KBr 

Barber 

Mendelson 

Cook 

Composition 

Anhydrous methyl alcohol 

3 g HgC1, pe r  l i t e r  abso- 

95 p a r t s  E thanof25  per- 
cent s a tu ra t ed  with 
B a r 2  

5 p a r t s  Methanol con- 
t a in ing  100 g pe r  l i t e r  
B a r Z  

a c i d  

a c i d  sa tu ra t ed  with 
FeC13 

1 p a r t  H20 

l u t e  Ethyl alcohol 

50 parts Glac ia l  acetic 

1 p a r t  Hydrochloric 

4 g FeC13 per l i t e r  
Glac ia l  a c e t i c  acid 

1.75 percent by weight 
BaC03 i n  propionic acid 

Ztching 
t i m e ,  
s ec  

a 

30 

15 

30 

30 

40 

Etch p i t  
o r ien ta-  

t i o n  
( a >  

b o o  1 

[loo 1 

CllO 1 

[loo 1 

[loo 1 

[loo 3 

Depth- 
to -  

width 
r a t i o  
04 

0.050 

. loo 

.070 

.150 

.150 

.135 

Refer- 
qnce 

aDefined as d i r e c t i o n  p a r a l l e l  t o  base of e t ch  p i t .  
bDetermined with two-beam in te r fe rence  microscope. 
‘95-percent Ethyl alcohol. 
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Fig .  1. Etched N a C l  surface showing movement of 
d i s loca t ions  during etching process.  Etched 
30 sec i n  Moranls KC1-KBr etchant and 25 sec 
i n  Barber 's  e tchant .  
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(a> 3arber's etchant for 30 sec. 

(b) Moran's N a C l  etchant for 50 sec. 

Fig. 2. Cleavage halves of N a C l  etched. 
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Fig .  3. Phase contract  photograph of methyl alcohol 
produced e tch  p i t s  on NaCl. Etching time, approx- 
imately 2 sec.  
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Fig .  4. Interference photograph of N a C l  surface 
successively etched i n  b r a n ' s  KC1-KBr etchant 
f o r  30 sec and Barber's e tchant  f o r  20 sec.  
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Fig .  5. N a C l  cleavage face etched 30 sec i n  Moran's 
N a C l  etchant showing edge of specimen t o  es tab l i sh  
or ien ta t ion  of e tch p i t s .  


